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A B S T R A C T
Purpose: Dravet syndrome (DS) is a rare disorder with seizure onset in the ﬁrst year of life, typically
beginning with prolonged febrile hemiclonic seizures or generalized tonic–clonic seizures. Photosensi-
tivity is reported in more than 40% of patients. We present two cases of DS in which we had the chance to
record occipital seizures induced by Intermittent Photic Stimulation (IPS).
Method: We retrospectively reviewed the medical records of 32 children affected by DS. All clinical notes
were reviewed in order to evaluate the occurrence of seizures induced by IPS.
Results: Among the 32 reviewed clinical records, two patients with IPS-induced seizures were found. In
both patients seizures originated from the occipital-temporal region. Clinical history was characterized
by generalized tonic–clonic seizures, and myoclonia. At the age respectively of 11 months and 20 months
they presented a prolonged focal seizure induced by IPS at a frequency of 10 Hz. During the follow-up
they additionally presented with hypomotor seizures, also induced by IPS during laboratory EEG
examinations. The semiology of hypomotor seizures resembled what is described as ‘‘complex partial
status’’, a type of non-convulsive status with ictal discharges arising unilaterally from the occipito-
temporal region.
Conclusion: Based on available literature, IPS induced occipital seizures have not been reported during
the ﬁrst year of life. Although pathophysiological features are not yet completely understood, both
photosensitivity and occipital seizures should be considered in the diagnostic evaluation in DS. The
documentation of IPS induced occipital seizures might contribute to widen the clinical and
neurophysiological spectra of DS.
 2014 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at ScienceDirect
Seizure
jou r nal h o mep age: w ww.els evier . co m/lo c ate /ys eiz1. Introduction
Dravet syndrome (DS) is a rare disorder with seizure onset in
the ﬁrst year of life, typically beginning with prolonged febrile
hemiclonic seizures or generalized tonic–clonic seizures. During
the course of the disease different types of seizures appear.1 The
electroencephalogram (EEG) pattern in DS is characterized by a
slow background activity and bilateral frontal and central theta
activity during wakefulness. Generalized or focal spikes and* Corresponding author at: Division of Neurology, Bambino Gesu` Children’s
Hospital, IRCCS, P.zza S. Onofrio 4, 00165 Rome, Italy. Tel.: +39 0668592645;
fax: +39 0668592463.
E-mail address: nicola.specchio@opbg.net (N. Specchio).
1059-1311/$ – see front matter  2014 British Epilepsy Association. Published by Else
http://dx.doi.org/10.1016/j.seizure.2013.12.009spike-and-waves may be present during follow-up.2 Photosensi-
tivity is reported in more than 40% of patients with DS.3 A
discrepancy between daily life patient reports and laboratory
ﬁndings in DS patients has been reported, and history of photic
induced seizures is not always conﬁrmed by Intermittent Photic
Stimulation (IPS).4 In some cases myoclonic jerks and atypical
absences with eyelid myoclonia associated with generalized spike-
and-wave discharges have been reported as being induced by IPS.5
A recent review by Bureau and Dalla Bernardina pointed out that
IPS induced both generalized seizures (isolated massive myoclonic,
generalized clonic or vibratory seizures) associated with diffuse
epileptiform discharges, and complex partial seizures associated
with more localized discharges.6
We wish to contribute to the understanding of DS describing
two children who presented occipital seizures induced by IPS invier Ltd. All rights reserved.
Fig. 1. Part 1. Case #1. Occipital lobe seizure induced by IPS at a frequency of 10 Hz. Ictal EEG recording is characterized by a diffuse spike and waves complex more evident
over the left parietal and occipital area induced by IPS from which the focal rhythmic discharge. It consists of a low voltage fast activity, which increases in amplitude, and
decreases in frequency, arising from the left parieto-occipital area. After 30 s, it is followed by a rhythmic spike-and-wave discharge on the left posterior area associated to a
synchronous slow delta activity over the contralateral region. The seizure is clinically characterized by impairment of consciousness and eye deviation later associated with
left upper clonic jerks. The clinical counterpart was characterized by massive myoclonic jerks followed by reduction of spontaneous motor activity, intermittent
unresponsiveness eye deviation later associated with left upper clonic jerks. After 4 min seizure ends. Part 2. Case #2. Occipital lobe seizure induced by IPS at a frequency of
N. Specchio et al. / Seizure 23 (2014) 309–313310
N. Specchio et al. / Seizure 23 (2014) 309–313 311the context of a typical DS phenotype. One of these children has
been partially described in a previous publication4 while discuss-
ing photoparoxysmal response in DS but not in relation to IPS-
induced occipital seizures. To our knowledge this is the ﬁrst
documented description of such seizures in DS.
2. Materials and methods
We retrospectively reviewed the medical records of 32 children
affected by DS, referred between January 1995 and December 2012
to the Neurology Division of the Bambino Gesu` Children’s Hospital
in Rome, which receives tertiary patients for specialist consulta-
tions.
Seizures were deﬁned according to the Glossary of Descriptive
Terminology for Ictal Semiology.
All clinical notes were reviewed in order to evaluate the
occurrence of seizures induced by IPS.
IPS was performed using the Grass PS 40 photic stimulator
(rectangular Xenon lamp giving ﬂashes of 10 ms duration, 0.7 J/
ﬂash) and following the international protocol. All available
tracings of the 32 patients were re-analyzed retrospectively.
Relatively to the patients in whom we recorded occipital
seizures induced by IPS, we reviewed familial history, seizure
semiology, fever susceptibility, seizure frequency and duration,
interictal and ictal EEG, brain imaging, treatment and neuropsy-
chological data.
3. Results
Table 1 summarizes the clinical data of the two patients with DS
and occipital seizures induced by IPS.
3.1. Case report #1
This 2-year-old girl was born at term after an uneventful
pregnancy and delivery from healthy non-consanguineous par-
ents. She had no family history of epilepsy or febrile seizures (FS).
Psychomotor development was reported as normal. At the age of 6
months during a febrile episode she presented a prolonged
hemiconvulsive seizure during sleep. EEG and brain MR were
normal. Soon after, high frequency generalized afebrile seizures
appeared. EEG at the age of 9 months revealed a photoparoxysmal
epileptiform response (PPR) from 5 to 20 Hz. PPR was evident on
the posterior regions of both hemispheres, and was clinically
associated with upper limbs and eyelid myoclonias. At the age of
11 months, during a Video-EEG, we had the chance to record an
occipital seizure induced by IPS (Fig. 1, Part1). This was the ﬁrst
focal seizure presented by the patient. DS was suspected and
molecular analysis of SCN1A gene showed a new de novo
heterozygous c.3968C > A.
3.2. Case report #2
This 6 years and 10 months old boy was born from unrelated
parents after an uneventful pregnancy. He had no family history of
epilepsy or FS. Early psychomotor development was unremark-
able.
At 5 months of age, he presented his ﬁrst seizure, characterized
by psychomotor arrest, right eye deviation and right hemiconvul-
sion. The episode occurred without fever, and lasted about 30 min.
At the age of 8 months he had a second prolonged seizure lasting10 Hz. The EEG recording shows a focal discharge consisting of a medium voltage thet
increase in amplitude and decrease in frequency and, after 5 min (B), evolving in a rhy
contralateral region after 10 min (C). The same activity intermingled with spikes and poly
(F). The clinical counterpart is characterized by irritability and intermittent reduction o
deviation, loss of contact. The same condition tends to persist all over the episode. Aft50 min. EEG at this time showed right posterior slow waves, while
brain MR was normal. During the follow-up he presented with
prolonged hemiclonic febrile convulsions, myoclonic seizures, and
complex partial seizures. The boy was diagnosed with DS and a
mutation in the SCN1A gene (c.3733C > T) was detected. EEGs
showed slow background activity with sharp waves over the
posterior regions. Photosensitivity was not detected in any of the
numerous EEGs with IPS. At the age of 18 months, in a 10–20 Hz
stimulation range, IPS determined the occurrence of symmetric,
massive myoclonic jerks with EEG counterpart characterized by
diffuse spike-and-wave complexes. Two months later, IPS at 10 Hz
frequency determined the occurrence of upper limb myoclonic
jerks concomitant with bilateral occipital spikes and followed by a
prolonged focal seizure that lasted for 26 min (Fig. 1, Part 2).
4. Discussion
Patients with DS have multiple seizure types during the
course of the disease.1 Focal seizures have been distinguished in
focal seizures with motor features (versive seizures and/or clonic
jerks) and focal seizures with a more complex semiology
characterized by loss of consciousness, autonomic phenomena,
oral automatisms, hypotonia and rarely stiffness.1,7 Focal
seizures have been reported during the steady state of the
disease, and occur in around half of the patients.1,5,8 Seizures
originate mainly from the temporal-parietal-and occipital
region,6 even if frontal, temporal or occipital areas have also
been reported in a previous paper.9
Our cases presented with generalized tonic–clonic seizures and
myoclonia at onset of the disease. Regarding focal seizures induced
by IPS in our cases, semiology resembled mainly that of hypomotor
seizures, characterized by reduced eye movement and unrespon-
siveness; sometimes, during the event, intermittent eye deviation
was also noticed in Case # 2. This description recalls the
description of the previously reported complex partial seizures
characterized by a condition of hyporesponsiveness associated to
eye deviation, pallor, cyanosis, respiratory changes, drooling, and
oral automatisms.6
‘‘Obtundation status’’, a condition during which patients may
be less aware, drooling and unsteady for hours or days should be
considered in the differential diagnosis in DS patients with
prolonged seizures. Such condition may be triggered by fever,
fatigue, photic stimulation in photosensitive patients, excitement
in some and occasionally even the thought of exciting activities6
and is an ictal event per se, not a post-ictal phenomenon.
Obtundation status was also described as a non-convulsive
status corresponding to diffuse slow and sharp waves sometimes
intermingled with focal or diffuse spikes on the EEG.6 The events
experienced in our cases are more similar to what has been
reported as complex partial status with an EEG counterpart
characterized by irregular unilateral spikes and waves complexes
mainly over the occipital region.5,10,11
Seizures induced by IPS in DS are well documented and widely
reported. In the series described by Oguni et al.,5 photosensitivity
was found in 6 out of 39 patients (15%). The typical seizure patterns
associated to photosensitivity were myoclonic seizures and
atypical absences with pronounced eyelid myoclonias, the latter
accompanied by occasional rhythmic head drops. In a more recent
study by Bureau and Della Bernardina,6 64% of the subjects
demonstrated photosensitivity or pattern sensitivity associated to
isolated or recurrent massive jerks, generalized clonic or vibratorya activity, arising from the right parietal and occipital regions (A), which tends to
thmic spike-and-wave discharge. A slow delta activity is evident on the posterior
-spikes tend to persist also after 17 min (D) and 22 min (E). Seizure ends after 26 min
f responsiveness, followed after 5 min by ﬁxed gaze, intermittent left eye and head
er 26 min seizure spontaneously ends.
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N. Specchio et al. / Seizure 23 (2014) 309–313312generalized seizures or complex partial seizures. Among partial
seizures, in a series of 25 seizures recorded in 8 patients, 6 seizures
involved the posterior region.9 Also in our cases, ictal discharges
arose from the occipital region, even if it was preceded by a
bilateral parieto-occipital spike-and wave complex and associated
to an upper limbs massive myoclonia.
Based on available literature, IPS induced occipital seizures
have not been reported during the ﬁrst year of life. This ﬁnding may
open an interesting avenue of research, focusing on the possibility
of early onset IPS induced occipital seizures as a speciﬁc
characteristic of DS, also in the light of recent evidence on
pathophysiological mechanisms.
Current pathophysiological insights on DS mainly rely on
animal models. Such data underscores the key role played by
complete loss of function in the Na(v) 1.1 channel encoded by the
SCN1A gene,12 which is responsible for reduced sodium currents in
GABAergic inhibitory neurons. Impaired sodium currents in
different classes of GABAergic neurons in DS might be responsible
of light hypersensitivity.13
The recurrence of early occipital lobe seizures in DS patients
might be an age dependent phenomenon, as the progression of
brain maturation involves primarily posterior regions and later the
anterior parts of the brain. Similarly, differences in maturation
between GABAergic neurons may possibly justify early onset IPS
induced occipital seizures as peculiar of DS.
5. Conclusions
Although pathophysiological features are not yet completely
understood, both photosensitivity and occipital seizures should be
considered as pertaining to DS spectrum. The documentation of IPS
induced occipital seizures in DS, during the ﬁrst phases of illness, is
a new and interesting feature that contributes to wide the clinical
and neurophysiological spectra of this syndrome.
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